The ability of an animal to perform a task successfully is limited by the amount of attention being simultaneously focused on other activities. One way in which individuals might reduce the cost of divided attention is by preferentially focusing on the most beneficial tasks. In territorial animals where aggression is lower among familiar individuals, the decision to associate preferentially with familiar conspecifics may therefore confer advantages by allowing attention to be switched from aggression to predator vigilance and feeding. Wild juvenile brown trout were used to test the prediction that familiar fishes respond more quickly than unfamiliar fishes to a simulated predator attack. Our results confirm this prediction by demonstrating that familiar trout respond 14% faster than unfamiliar individuals to a predator attack. The results also show that familiar fishes consume a greater number of food items, foraging at more than twice the rate of unfamiliar conspecifics. To the best of our knowledge, these results provide the first evidence that familiarity-biased association confers advantages through the immediate fitness benefits afforded by faster predator-evasion responses and the long-term benefits provided by increased feeding opportunities.
INTRODUCTION
Animals in natural environments process information about several tasks at the same time. However, limited attention abilities constrain the behaviour of individuals so that only a certain amount of information can be processed at once (Desimone & Duncan 1995) . Performance is reduced as a task becomes more cognitively demanding, and is further reduced when attention is divided among several tasks (reviewed by Dukas 2002) . For example, in an experiment with hand-reared blue jays, birds were trained to peck at a particular shape that was cryptically displayed among other shapes on a monitor. When the jays had to search for two prey shapes simultaneously, the target detection rate fell by 25% (Dukas & Kamil 2001) . Furthermore, when blue jays performed two different tasks at the same time (searching for prey while remaining vigilant for an approaching predator), limited attention affected the birds' ability to notice the peripheral presentation of a predator shape on the monitor (Dukas & Kamil 2000) .
The potential fitness consequences of a limited ability to process information from more than one source are considerable. Numerous experiments show that the more an animal attends to one feature of a situation, the less it attends to others (e.g. Roitblat 1987; Krause & Godin 1996) . For example, guppies foraging on Daphnia are more likely to be captured by a jewelfish predator as prey density increases (Godin & Smith 1988) . Individuals performing more than one task simultaneously may also choose to allocate more attention to one task in preference to others according to local conditions and moment-bymoment changes in costs and benefits. Atlantic salmon exposed to a high risk of predation have been found to reduce their rate of food intake compared with fishes under a low risk of predation (Metcalfe et al. 1987a) . Similarly, salmon and sticklebacks in the presence of a conspicuous model predator choose less profitable food items and therefore suffer reduced foraging efficiency compared with fishes in the absence of a predator (Metcalfe et al. 1987b) . Nevertheless, recent observations in the field of behavioural ecology suggest the intriguing possibility that the efficiency of one task can be improved without compromising the efficiency of a second task. In territorial animals where aggression is lower among familiar individuals, the decision to associate preferentially with familiar conspecifics may allow attention to be focused on predator vigilance and feeding rather than aggressive interactions.
The ability to recognize and associate preferentially with familiar individuals is widespread (mammals: Porter et al. 2001; birds: Senar et al. 1990; reptiles: Bull et al. 2000; insects: Clark et al. 1995) and is particularly well documented in fishes (reviewed by Griffiths 2003) . Familiar dyads exhibit lower aggression levels (Beaugrand & Zayan 1985; Johnsson 1997; O'Connor et al. 2000) and initiators of conflicts are more likely to win against familiar than against unfamiliar competitors (Hö jesjö et al. 1998) . Importantly, because intense fighting may lead to an increased risk of being preyed upon ( Jakobsson 1987; Brick 1998) , the decision to associate preferentially with familiar conspecifics may confer anti-predator advantages on individuals. Surprisingly, however, the advantages of choosing familiar partners remain unclear (Chivers et al. 1995; Metcalfe & Thomson 1995; Hö jesjö et al. 1998; Wisenden & Smith 1998; Utne-Palm & Hart 2000) . A novel possibility is presented by considering the theory of limited attention. Not only is highly aggressive behaviour among unfamiliar competitors conspicuous to potential predators, but also unfamiliar contestants may focus less attention than familiar individuals on the task of vigilant behaviour. The theory of limited attention therefore predicts that familiarity confers advantages on fishes by allowing them to switch attention from aggressive interactions to predator vigilance.
We test directly whether reduced aggression and increased vigilance among groups of familiar fishes lead to a faster reaction time to a simulated predator attack. Juvenile brown trout from the River Jörlandaån, Sweden, were collected either in close proximity to one another (familiar fishes) or from different geographical locations (unfamiliar fishes). Aggressive interactions and feeding attempts were measured before and after a predator attack was simulated in the laboratory. After the predator model was deployed, the reaction time (time to flee) was noted.
MATERIAL AND METHODS
Young-of-the-year (0ϩ) juvenile brown trout were collected from the River Jö rlandaån, Sweden (latitude 58°N), using electric fishing on 24 and 29 August and on 3, 10, 17 and 24 September 2001. During each collection, six groups of fishes were captured from each of two previously unsampled sites. Each group comprised six individual fishes captured in sequence (within a 5 m stream section). Seventy-two fishes were therefore captured during each collection (six fishes × six groups × two sites). Group members were defined as familiar neighbouringterritory holders. Fishes from different sites (more than 100 m apart) were defined as unfamiliar with one another because trout very rarely move more than 100 m (Bohlin et al. 2002) . Groups of captured trout were transported back to the laboratory in separate containers of water. Each group of trout was housed in an aquarium (0.65 m × 0.35 m × 0.2 m water depth) at the University of Gö teborg and allowed to acclimate for 48 h. The fishes in different aquaria were visually and chemically isolated from one another. Fishes captured during each collection trip were tested before further fishes were collected.
The experiment was performed in 12 aquaria (0.65 m × 0.35 m × 0.2 m water depth) each containing a layer of gravel substrate (2-5 mm diameter grain size), two patches of weed, an air-stone and a glass draining tube. A model heron (a natural predator of juvenile trout) was fixed centrally to the front pane of the glass as described by Jonsson et al. (1996) . During the acclimation period, each group of trout was provided with four live chironomid larvae each day (mean weight per larvae of 0.03 g). The larvae were dispensed to each aquarium in a pulse of water, which emerged from a tube above the water surface. To avoid disturbing the fishes, the pulse of food and water was introduced into the tube through a funnel from behind a hide. During the experiment water flowed through each aquarium at a rate of 2.3 l min Ϫ1 and the light regime was maintained at 12 L : 12 D. The mean water temperature during the experiment was 12 ± 0.5°C.
(a) Experimental procedure
After a 48 h acclimation period, the most dominant fish in each tank was chosen as a focal individual. It was decided a priori that the rank of the focal fish should be known to control for the possibility that familiarity-biased behaviour is influenced by dominance. Dominant fishes were defined as individuals initiating the greatest number of aggressive interactions and consuming the greatest number of larvae within a 10 min Proc. R. Soc. Lond. B (2004) observation period. During this time, each group of fishes was provided with six larvae delivered at a rate of 1 larvae min
Ϫ1
. Dominant fishes were found to be paler in body colour with more pronounced parr and sclera marks (O'Connor et al. 1999) . At the end of the observation period, dominant individuals were anaesthetized with 2-phenoxyl-ethanol (0.5 ml l Ϫ1 ) and their adipose fins were clipped to enable future identification. Each dominant fish was then returned to its home aquarium for a further 24 h.
Seventy-two hours after collection, dominant fishes were removed from their home tanks and either re-released among familiar conspecifics (same group and capture site) or released into a tank of unfamiliar fishes (different group and capture site). Observations of familiar and unfamiliar treatment groups began 15 min later.
A trial was divided into two episodes. The first episode began when six larvae were introduced simultaneously into the tank, and ended once three larvae had been ingested, or after a maximum of 600 s if fewer than three larvae had been eaten. A simulated predator attack was then effected by quickly swinging the model heron forward and plunging its beak into the aquarium water. The model was then immediately withdrawn. The predator model was controlled manually from behind the hide. The second episode began when the heron bill hit the water surface, and ended when the remaining larvae had been eaten, or 600 s after the predator had been deployed (whichever was quickest). Similar methods have been used in previous examinations of anti-predator behaviour (e.g. Jonsson et al. 1996; Höjesjö et al. 1999 ).
(b) Behavioural observations
During each trial, observations of foraging, aggression and predator-evasion behaviours were recorded manually and by using a digital video camera from behind the hide. The videotape was subsequently analysed frame-by-frame (24 frames s Ϫ1 ) without the observer knowing the treatment of the trial.
The total number of aggressive interactions was noted during each trial, and the rate at which aggressive interactions were performed (fish Ϫ1 min Ϫ1 ) was calculated to control for different trial lengths in different groups. Similarly, the total number of larvae ingested and the ingestion rate (fish Ϫ1 min Ϫ1 ) were measured. Since non-focal fishes were not individually identifiable, average data per non-focal fish were calculated from the total behavioural scores for these five fishes.
The predator-evasion behaviour of the fishes was defined as either 'freezing' or 'fleeing' as described by Metcalfe et al. (1987b) and Johnsson et al. (2001) . The fishes generally began responding to the simulated attack before the model heron beak hit the water surface. The reaction time was therefore calculated in the following way. First, the length of time between the first flight response in each tank and the time at which the beak hit the water surface was measured. To overcome the counterintuitive nature of these data (in which short times signify slow reactions), the response times were then re-calculated relative to the fastest response in the experiment (defined as t = 0). In this way, short reaction times signify fast responses. However, since the reaction time is a relative measure, not an absolute value, it can be used only to compare treatments. Most fishes responded to the predator attack by fleeing. Reaction times were calculated for each of the first three fishes to respond in each group. The responses of the other fishes in the group were not measured for two reasons. First, sample size is reduced when only replicates where all six fishes fled (and none froze) are included. Second, the behaviours of the fourth, fifth and sixth fishes may have been influenced by the initial responses of the first three fishes. At the end of each trial the weights and lengths of fishes in each group were measured. The experiment was repeated six times, so that 414 individuals in 69 groups (34 familiar groups and 35 unfamiliar groups) were tested. Two familiar trials and one unfamiliar trial were excluded from the analysis because fishes had escaped or died at the start of the experimental procedure. Fishes were not tested more than once, and familiar and unfamiliar treatments were randomized between aquarium tanks, within and between repeated experiments.
(c) Statistical analysis
Generalized linear model ANCOVA analyses were used to investigate the influences of familiarity, dominance and predation risk on feeding and aggressive behaviour. Factorial ANCOVA analyses were used to test the influences of familiarity (treatment variable), initial position (upper or lower half of water column), trial and their interactions (class variables) on the reaction time (dependent variable) of each of the first three fishes to respond to the simulated predator attack. The size of the fish was included as a covariate in the analysis to control for the possibility that reaction time varies with fish body size.
RESULTS

(a) Anti-predator behaviour
Most fishes responded to the predator attack by fleeing (familiar groups: 76.3%; unfamiliar groups: 77.8%). The response times of those juvenile brown trout that fled from the model heron were significantly faster for familiar than for unfamiliar groups (first fish to respond: F 1,55 = 6.36, p Ͻ 0.02; second fish to respond: F 1,47 = 9.16, p Ͻ 0.01; and third fish to respond: F 1,42 = 5.88, p Ͻ 0.05; figure  1) . Similarly, when the data from these three fishes were pooled, the mean response of the first three fishes in the familiar groups was significantly faster than the mean response of the first three fishes in the unfamiliar groups (F 1,42 = 10.20, p Ͻ 0.01). On average, familiar fishes responded after 1.86 s while unfamiliar fishes reacted after 2.17 s (figure 1). The position in the water column at the time when the model was deployed had no significant influence on the reaction times of the three fishes that were tested ( fishes, respectively). Other variables and interactions had no significant effects on reaction time.
(b) Aggression Juvenile trout held in familiar groups performed significantly fewer aggressive interactions per minute (F 1,267 = 7.43, p = 0.007; figure 2) and took longer to resume aggressive behaviour after the simulated predator attack (F 1,132 = 4.74, p = 0.031; figure 3) than did unfamiliar conspecifics. Dominance also had a significant effect on both the rate of aggressive interactions (F 1,267 = 43.96, p Ͻ 0.001; figure 2) and the time taken to resume aggression after a predator attack (F 1,132 = 12.41, p Ͻ 0.001; figure 3 ). Fewer aggressive interactions were performed by subordinate than by dominant individuals, and subordinate fishes resumed aggressive behaviour more quickly than dominant fishes. Other factors and interactions had no significant effect. (c) Feeding Familiarity had a significant effect on feeding rate (number of larvae consumed fish Ϫ1 min
Ϫ1
) (F 1,267 = 8.06, p Ͻ 0.01; figure 4). On average, individual fishes in familiar groups foraged at a rate that was 2.6 times higher than that of unfamiliar fishes, consuming larvae at a rate of 0.13 compared to 0.05 larvae fish Ϫ1 min Ϫ1 (figure 4). The rate of consumption decreased significantly (by 78% on average) after the simulated predator attack (F 1,267 = 14.98, p Ͻ 0.001; figure 4). Other factors and interactions had no significant effect.
(d ) Size of fishes
There was no significant difference in the size or weight of fishes between familiar and unfamiliar treatment groups (fork length: F 1,409 = 1.05, p = 0.31; wet weight: F 1,409 = 1.50, p = 0.22). Neither were there significant differences in the size and weight of fishes housed in different aquarium tanks (fork length: F 11,409 = 0.54, p = 0.88; wet weight: F 11,409 = 0.35, p = 0.98), demonstrating that fishes collected from different river sites during each collection trip were the same size. Between collection trips, however, fishes grew longer and heavier (fork length: F 1,409 = 146.06, p Ͻ 0.001; wet weight: F 1,409 = 153.57, p Ͻ 0.001). Interaction effects were not significant. Focal (dominant) fishes were significantly larger than other fishes in each group (fork length: F 1,409 = 39.79, p Ͻ 0.001; wet weight: F 1,409 = 40.41, p Ͻ 0.001). The mean (± s.e.) fork length and wet weight of dominant fishes were 64.99 ± 0.81 mm (n = 67) and 2.95 ± 0.11 g (n = 67), respectively. The mean (± s.e.) fork length and wet weight of subordinate (other) fishes were 59.13 ± 0.38 mm (n = 343) and 2.27 ± 0.04 g (n = 343), respectively.
DISCUSSION
The results of this study support the first proposal, showing that familiar fishes have faster reaction times than unfamiliar fishes to a simulated predator attack. Groups of familiar brown trout were, on average, 14% faster in performing an escape response after a simulated attack from a heron than were groups where one individual was Proc. R. Soc. Lond. B (2004) unfamiliar to its conspecifics. These results suggest that social composition is a vitally important factor in determining the probability of survival under conditions of high predation risk. The mechanism by which faster escape speeds are achieved by familiar juvenile trout is probably a switch in the focus of cognitive attention from aggressive interactions to anti-predator vigilance. Our results show that trout with little previous experience of one another were as much as 50% more aggressive than familiar trout.
Evidence that familiarity leads to reduced aggression has been previously documented for fishes including rainbow trout ( Johnsson 1997) , three-spined sticklebacks (Utne-Palm & Hart 2000) and Atlantic salmon (O'Connor et al. 2000) . Furthermore, low levels of aggression are known to lead to improvements in vigilance, predator detection and survival ( Jakobsson 1987; Brick 1998 ). For example, in a study of territorial willow warblers the responses to the playback of an intruder's song and the presentation of a model intruder (stuffed pygmy owl) were measured for pairs of males involved in escalated fighting and low-intensity fighting. The results showed that birds engaged in low-intensity fights were at decreased risk of predation (Jakobsson et al. 1995) . Importantly, however, our study is the first, to our knowledge, to show that decreased aggression among familiar individuals leads to faster escape speeds. It seems that the well-documented preference for associating with familiar conspecifics (reviewed by Griffiths 2003) confers significant anti-predator benefits on wild fishes by allowing cognitive abilities to be focused primarily on anti-predator vigilance rather than aggressive interactions.
The results also show that familiar fishes consumed a greater number of food items than did unfamiliar fishes, suggesting that individuals associating with familiar conspecifics accrue not only immediate fitness benefits through improved anti-predator responses, but also longterm benefits provided by increased feeding opportunities. It seems that among individuals with previous experience of one another attention is switched not only from aggression to vigilance, but also from aggression to foraging.
To date, the documented benefits of familiarity have been equivocal and indirect, despite strong evidence that familiarity and cognitive ability are important aspects of shoal stability and long-term association (reviewed by Griffiths 2003) . The putative benefits of preferential association with familiars include improved foraging opportunities (Metcalfe & Thomson 1995) , reduced investment in epithelial alarm cells (Wisenden & Smith 1998) and reduced levels of resource competition (Jakobsson 1987; Johnsson 1997; Utne-Palm & Hart 2000) . Indirect evidence for an anti-predator function of familiarity-biased association comes from a study of fathead minnows. Chivers and his colleagues measured improved anti-predator responses (including increased shoal cohesion, an increased number of predator inspections and decreased freezing behaviour) in schools of familiar fathead minnows exposed to a predatory threat (Chivers et al. 1995) . Since shoal cohesion and predatorinspection behaviour may confer protection from predation (Magurran & Pitcher 1987) , the implication of their findings is that the probability of surviving a predator attack is higher for familiar than for unfamiliar individuals. In our study, we demonstrate a direct fitness benefit of familiarity by showing that familiar fishes have significantly faster escape response times than unfamiliar fishes. Since familiarity-biased association patterns are widely documented among many animals, ranging from mammals to fishes (e.g. Magurran et al. 1994; Porter et al. 2001) , and are also important in mate-choice decisions (Kelley et al. 1999; Hughes et al. 1999) , the results of this study suggest that the ability to recognize particular (familiar) conspecifics may be important in overcoming the limitations of cognitive attention in many contexts.
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